ECHOCARDIOGRAPHIC STUDIES of systolic wall thickening (SWT) of the free wall of the normal human left ventricle have generally yielded values ranging from 40% to 80%. 1' In contrast, studies of SWT in animals in which various more direct techniques have been used have produced mean values ranging from 10% to 30%.1-8 The major explanation given for this discrepancy has been that echocardiographic measurements of SWT include the contribution of compressed trabeculae carnae to apparent end-systolic wall thickness, while the more direct measurement techniques used in animal studies do not. ',' In as much as systolic trabecular compression displaces blood volume (albeit incompletely) and thus contributes to left ventricular stroke volume, it also contributes to effective SWT.2 SWT determinations are derived from wall thickness measurements. The accuracy of wall thickness measurements relies on the accuracy of epicardial and endocardial edge detection. The aim of our investigation was to determine whether echocardiographic techniques overestimate the systolic movement of the endocardial surface of the left ventricle relative to the epicardial surface, resulting in overestimation of SWT.
Assuming that myocardial density remains constant throughout the cardiac cycle, myocardial volume would be expected to remain constant in order to preserve constant myocardial mass. In fact, a negligible reduction of approximately 0.3% in left ventricular myocardial volume has been estimated to occur during systole due to a reduction in intramyocardial blood volume.9 Myocardial volume may be considered virtually constant, therefore, for the purposes of wall thickness determinations. Left Myo CSA is a function of wall thickness and wall circumference. An overestimation of wall thickness would thus result in an overestimation of Myo CSA. In particular, an overestimation of SWT (viz an overestimation of end-systolic wall thickness relative to enddiastolic wall thickness) would result in an overestimation of ES Myo CSA relative to ED Myo CSA.
In our investigation, the relationship between twodimensional echocardiographic measurements of ED Myo CSA and ES Myo CSA was determined in human subjects as an indicator of the reliability of echocardiographic measurements of SWT.
Methods
Subjects. The study group consisted of 18 norrmal subjects. Light subjects were voluntecrs and 10 subjects wete referred for cardiac evaluation but were found to have no clinical. clectrocardiog-raphic. or echocardiographic evidence of heart disease. There were 13 miiale and five female subjects rancing in age from 14 
Results
The results in all 18 subjects studied are listed in table 1 mately 50% and were comparable to previously reported echocardiographic values`A but exceeded the values obtained by more direct methods in animal studies.5 8 The major contention of this study was that if echocardiographic techniques overestimate SWT to the extent suggested by animal studies, then these techniques should greatly overestimate ES Myo CSA relative to ED Myo CSA. The close agreement shown, therefore, between ES and ED Myo CSA values in this study constitutes evidence against a significant overestimation of SWT by echocardiographic techniques.
The relationship observed between ES and ED Myo CSA closely approximated that predicted in Appendix 1, where 5% to 10% left ventricular long-axis shortening was assumed. Determination of long-axis shortening by several different methods has produced values in this range.''-" Long-axis shortening, determined from the apical four-chamber or parasternal long-axis view, in 13 of the 18 subjects in this study ranged from 4.8% to 13.0% (mean 7.5%), which is comparable to the values assumed in Appendix 1. Only short-axis left ventricular views were recorded for analysis in the first five normal subjects.
Use of the ellipsoid formula to predict the relationship between ES Myo CSA and ED Myo CSA assumes, however, that this formula is equally representative of left ventricular geometry at end-systole and end-diastole. This is an oversimplification. Anatomic considerations'5 and the recent study of Haendchen et al. 16 suggest that left ventricular long-axis shortening is greater at the apex than at the base. If this is the case, then ES Myo CSA would be expected to be in close agreement with ED Myo CSA at the base, but to increasingly exceed ED Myo CSA toward the left ventricular apex.
Using the isolated canine heart preparation, Eaton et al. ' Recently, important regional differences in SWT of the normal human left ventricle have been demonstrated by two-dimensional echocardiography. 16 SWT values were shown to increase progressively from the base to the apex of the left ventricle and to vary considerably in different segments of the left ventricular circumference, being greatest in posterior segments. Thus, the SWT data presented here, derived from posterior left ventricular wall thickness measurements, probably represent maximal values for the left ventricular cross-sections studied.
Posterior left ventricular wall thickness was determined in this study from the two-dimensional echocardiograms by direct measurement of the distance between the epicardial and endocardial outlines traced for planimetry at the position transected by the M mode cursor; this was done to allow comparison of M mode and two-dimensional echocardiographic values of wall thickness. SWT values were not derived from the planimetric area data used to determine Myo CSA. The close relationship demonstrated between ES Myo CSA and ED Myo CSA does not, therefore, imply that mean SWT was approximately 50% for all segments of the left ventricular cross-sections studied. Rather the Myo CSA data constitute evidence that endocardial edge detection by echocardiography is reliable at enddiastole and end-systole. Since the same endocardial edge detection had to be relied upon for the SWT and the Myo CSA determinations, it is argued that the SWT data are also reliable. The SWT data, however, refer only to the posterior left ventricular wall.
Possible differences in the accuracy of end-diastolic and end-systolic determinations of Myo CSA due to the lateral resolution of echocardiographic instrumentation could conceivably account for the small systematic discrepancy observed between end-diastolic and end-systolic values. Since such an error would favor overestimation of ES Myo CSA, no attempt was made to correct for it. figure 3 .
The top of figure 3 represents a left ventricular shortaxis cross-section at end-diastole with a true Wd of 1.0 cm, as measured by the endocardial marker E, but an apparent Wd of 0.5 cm, as measured by the midwall marker M. The bottom of figure 3 depicts the same left ventricular cross-section at end-systole. Assuming, for simplicity, constant Myo CSA, the true endocardial marker E will move 1.25 cm toward the center of the left ventricle during systole, producing a true Ws value of 1.5 cm and a true SWT value of 50%, while the marker M will move only 0.92 cm during systole, producing an apparent Ws value of 0.67 cm and an apparent SWT value of only 34% (see Appendix 2 for calculations). Clearly, "endocardial markers" will underestimate SWT unless they are actually placed at the level of the endocardium.
Regional and segmental differences in SWT of the normal left ventricle'6 may also have contributed to the discrepancy between SWT values obtained in these animal studies and the echocardiographic values. The precise locations from which SWT was measured in two of these studies6, 8 were not specified. In the study of determined do not, therefore, appear sufficient alone to explain the difference in values obtained in these animal studies and those obtained by echocardiography.
In conclusion, there are a number of reasons for the discrepancy between measurements of SWT in previous animal studies5'8 and the echocardiographically determined values. Techniques that accurately measure SWT should also reflect the constancy of left ventricular myocardial mass throughout the cardiac cycle. The study of Eaton et al.,"' using their isolated canine heart preparation, and the present study in humans suggest that echocardiographic techniques more accurately measure SWT than previous "direct" techniques used in animal studies.
